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@ Improved printed drcuH board. 



@ A printed circuit board for use in the 10 GHi signal 
transmission range is provided comprising a layer of ex- 
panded, porous polytetrafluorethylene having a layer of 
electrical signal transmitting metal firmly bonded to one side 
thereof and preferably having a layer of a solid plastic such 
as polyimide. polyamide or polyester bonded to the other 
side. Unwanted metal is removed to provide the desired 
circuitry. 
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This invention relates to a printed circuit board. In 
particular the invention relates to a printed circuit 
board to be used for . transmission of electrical 
signals at high frequencies, such as microwaves and 
millimeter waves. 

The printed circuit boards for these high frequenciesr 
which are conventional, include a printed circuit 
board consisting of a layer of polytetraf luoroethylene 
in which glass fibers are mixed. When this printed 
circuit board is used at 10 GHz, the signal 
transmission delay time is about 5.2 ns/m, and the 
dielectric loss is as great as 0.002, which is 
undesirable for certain applications. 

In order that the manufacturing and handling of a 
printed circuit board and the forming or mounting of a 
circuit on the printed circuit board can be easily 
accomplished, it is preferable that a printed circuit 
board has both sufficiently high firmness and still 
retains some flexibility. The materials suitably used 
to meet these requirements include a film of polyimide 
resin, a film of polyamide resin and a film of 

polyester. The electrical insulating characteristics 
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„£ aU of these fll..s «e excellent. For esa.»ple, the 
aieleotrlo loss of . printed olrcolt board using . 
fU. of poxyl-iae r«ln Is O.O.. . printed circuit 
board usm, . fll» of poly»lde resin 0.05, and . 
printed circuit board usln, a fU. of polyester resin 
0 045 (all Of these values deter.lned at 1 .egaherts). 
a^ever. the frequency dependence of printed clracxt 
boards using these fil»s Is high, so that they usually 
cannot be used for transmission at high frequencies. 

^ object Of the present Invention Is to provide a 
printed circuit board having excellent high-frequency 

tran».l..lo. properties. Preferably such printed 

circuit board is flexible. 

according to the present Invention there Is provided a 
printed circuit board comprising a layer of expanded, 
porous polytetrafluoroethylene (PIFEl flr.ay bonded to 
and m l«.lnar contact with at least one layer of 
electrically conducting ».tal. The metal layer can be 
catalytlcall, Plated onto a surface of the expanded, 
porous PIPE or It .ay be a -etal foU-bonded to the 
expanded, porous PIPE layer with a bonding agent. The 
bonding agent can be tetrafl-oroethylene- 
perfl-oroalKyl-vmyl ether copolymer (PFM or 
tetrafluoreethylene-hexafluoropropylene copolymer 
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(FEP) • The laye^er of expanded, porous PTFE may be a 
cloth woven from fibers of expanded, porous PTFE. The 
layer of expandeed, porous PTFE may contain a filler 
such as titaniunara dioxide powder or aluminum oxide 
powder. The laye^er of expanded, porous PTFE may have a 
plurality of thorough holes. The layer of expanded, 
porous PTFE may:y be a composite of a plurality of 
layers of expaninded, porous PTFE having different 
specific gravitriies. The expanded, porous PTFE may 
have a layer of. solid, non-porous plastic material 
bonded to one siode thereof, the solid layer consisting 
of solid, non-pc7orous PTFE, polyimide resin, polyamide 
resin or polyeste-er resin. 

The invention wjjJ^H now be particularly described, by 
way of example, with reference to the accompanying 
drawings in whicfch:- 

Figure 1 is a s-schematic diagram, partly in cross- 
section of one ^rembodiment of this invention showing a 
board to be usssed in the manufacture of a printed 
circuit board. 

Figures 2-10 are - cross-sectional views of alternative 
embodiments of boards in accordance with this 
invention, and 
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Figures 11 is a top plan view of the printed circuit 
board of the embodiment of Figure 9 provided with film 
carrier holes, 

A printed circuit board for use in- the 10 GHz signal 
transmission range is provided comprising a layer of 
expanded, porous PTFE having a layer of electrical 
signal transmitting metal firmly bonded to one side 
thereof and preferably having a layer of solid plastic 
such as polyimide, polyamide or polyester bonded to 
the other side. Unwanted metal is removed to provide 
the desired circuitry. 

It has been determined, by the present inventor, that 
when a layer of dielectric material consisting of 
expanded, porous PTFE is provided along a metallic 
conductor circuit in a printed board, the transmission 
properties of the printed circuit board can be 
improved, and that, when preferably a thin film of 
polyimide resin is provided on this layer of expanded, 
porous PTFE, a flexible printed circuit board having 
excellent transmission properties and a high firmness 
can be formed. 



TO achieve the objects of the invention, a printed 
circuit board is provided which is formed by bonding a 



5 



01 60439 



layer of expanded, porous- PTFE along a metallic 
conductor circuit* Because the printed circuit board 
is formed in this manner, the following effects can be 
obtained: (1) the signal transmission delay time is 
considerably short, i.e. 4.1-3.6 ns/m; (2) the 
dielectric loss factor is as small as not more than 
10"*; (3) because the specific permittivity is small, 
the thickness of the conductor can be increasedd to a 
level which is higher than that in a conventional 
printed circuit board, and, because the dielectric 
loss is also small, the signal is attenuated only to a 
small extent? (4) because a porous material is used, 
there is only a very slight possibility that the 
dielectric will expand and contract with temperature 
changes, and, accordingly, the stability of the 
printed circuit board is high; (5) because a porous 
material is used, a coolant, such as helium gas 
can enter the interior of the dielectric, so that the 
dielectric-cooling effect can be increased; 
(6) because the physically and chemically stable PTFE 
material is used, a highly reliable product can be 
obtained; and (7) the material in use has a small 
dielectric loss, and is suitable as a dielectric for 
transmission of waves in the millimeter wave length 
range. Therefore, the material can be connected to a 
dielectric line directly from an end surface or a cut 
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surface of the printed circuit board. This enables 
the transmission line to be greatly simplified. 

With the construction described above, the thermal 
conductivity, bonding strength and dimensional 
stability of the printed circuit board can be improved 
by mixing a metallic oxide, such as titanium oxide or 
alumina, in a layer of expanded, porous PTFE. Also, 
the performance of the printed circuit board can be 
improved by providing a plurality of through holes in 
the layer of expanded, porous PTFE and thereby further 
reducing the specific permittivity thereof. 

in this construction, the layer of expanded, porous 
PTFE may consist of a cloth of fiber of the same 
resin, or a lamination of layers of expanded, porous 
PTFE of different specific gravities, or a layer • of 
expanded, porous PTFE having on at least one surface 
thereof a layer of solid PTFE. 

Expanded, porous PTFE can be made, in either film or 
fiber form, as taught in U.S. Patent 3,953,566. 

h hard core layer can be bonded to the layer of 
expanded, porous PTFE so as to increase the capability 
of retaining the form thereof. The porous resin layer 
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can be provided thereon with a film of a dimensionally 
stable material, such as a film of polyimide resin, a 
film of polyamide resin, or a film of polyester resin, 
or an enamel layer so as to render the resultant 
printed circuit board both sufficiently firm and 
flexible. The layer of porous resin can also be 
provided with film carrier holes therein so as to 
carry out the manufacturing of printed circuit boards 
and the connecting of circuit elements efficiently. 

The present invention is best described in detail with 
reference to the embodiments shown in Figures 1-11. 

In a printed circuit board 1 in the embodiment shown 
in Figure 1, a layer 4 of metal foil, such as copper 
foil or aluminum foil, is provided on the upper 
surface of a layer 2 of expanded, porous PTFE by means 
of layer 3 of a bonding agent consisting of 
tetrafluoroethylene-perfluoroalkyl--vinyl ether 
copolymer (PFA) or tetrafluoroethylene-fluoropropylene 
copolymer (FEP) . The layer 4 of metal foil is then 
etched by conventional techniques to form a circuit 
pattern thereon, which is used as a conductor circuit. 
This conductor circuit may be formed by laminating a 
circuit pattern, which is formed separately in 
advance, on the layer 2 of expanded, porous PTFE with 
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a bonding agent. 

The layer 2 of expanded, porous PTFE may contain 
fillers. When a film which contains about 10% by 
weight of a metal oxide, for example titanium oxide or 
alumina, mixed therein, and which has been stretched 
not less than two tiroes its original length is used as 
the layer 2, the thermal conductivity, bonding strength 
and dimensional stability thereof can be improved. 
Also, such a. layer 2 has various effects referred to 
previously with reference to the present invention. 

The layer thus obtained of expanded, porous PTFE can be 
formed into a layer 7 of the same resin provided with a 
plurality of through boles 6, as in the printed circuit 
board 5 shown in Figure 2. When this layer 7 is 
provided, the specific permittivity thereof further 
decreases, so that the overall properties of the 
printed circuit board can be further improved. In the 
embodiment shown in Figure 2, layers 9 of metal foil 
are provided on both surfaces of layers 7 of expanded, 
porous PTFE by means of layer 8 of a bonding agent. 

A printed circuit board 11 in the embodiment shown in 
Figure 3 is formed by providing layers 13 of solid PTFE 
on both sides of a layer 12 of expanded, porous PTFE by 
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thermal fusion, and a layer 15 of metal foil is bonded 
to layer 13 of solid PTPE by means of layer 14 of a 
bonding agent. This layer 15 of metal foil is then 
subjected to an etching treatment, not shown, to form a 
conductor circuit thereon. 

In a printed circuit board 17 in the embodiment shown 
in Figure 4, a cloth 18 made of fibers of expanded, 
porous PTFE is used as the layer of expanded, porous 
PTPE. Layers 20 of metal foil are provided on both 
sides of this cloth 18 by means of layer 19 of a 
bonding agent, and conductor circuits are then formed 
on the layers 20 by an etching treatment. 

In a printed circuit board 21 shown in Figure 5, a 
layer of expanded, porous PTFE is formed by laminating 
layers 23 of expanded, porous PTFE of a relatively high 
specific gravity on to both surfaces of a layer 22 of 
expanded, porous PTFE, the specific gravity of which is 
smaller than that of the resin of layers 23, by thermal 
fusion. Layers 24 of a metal coating are formed on the 
outer surfaces of the layers 23 of the above-mentioned 
resin having a larger specific gravity by a 
conventional catalytic plating process, and these 
layers 24 are processed by an etching treatment to 
form electric circuits thereon. Thus, a printed 
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circuit board having a layer of expanded, porous PTFB 
extending along the conductor circuits is provided. 



Figure 6 shows a further alternative embodiment of the 
present invention. in a printed circuit board 25 in 
this embodiment, a hard core layer 26 is provided, 
which consists of a epoxy resin sheet or a metal plate 
or a combination thereof, so that the shape-retaining 
characteristics of the layers 27 of expanded, porous 
PTFB provided on both surfaces of the core 26 are 
improved. Layers 28 of an additive treatment plating 
catalyst containing a photo-sensitive titanium oxide as 
its main component are provided on the outer surfaces 
of the layers 27 of expanded, porous PTFB thus formed. 
The layers 28 of catalyst coating are subjected to a 
circuit pattern treatment, and then a surface 
treatment, as necessary, so that they can be plated 
smoothly. The resultant printed circuit board 25 is 
iimnersed in a plating liquid, such as a chemical copper 
plating liquid, to form conductor circuits on the outer 
surfaces thereof. 

in a printed circuit board 29 in the embodiment shown 
in Figure 7, dimensionally stable films 31 of 10 
micrometers in thickness consisting of a polyimide 
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resin, a polyamide resin or a polyester resin are 
provided on both surfaces of layer 30 of 50 micrometers 
in thickness of expanded, porous PTFE by means of 
layers 31 of a bonding agent. Layers 34 of metal foil 
are provided on the outer surfaces of these 
dimensionally stable films 32 by means of layers 33 of 
a bonding agent. Conductor circuits are formed on the 
layers 34 of metal foil in the same manner as described 
above. 

In a printed circuit board 35 in the embodiment shown 
in Figure 8, layers 37 of 50 micrometers in thickness 
of expanded, porous PTFE are provided on both sides of 
a central hard core layer 36, and bonding layers 38 of 
5 micrometers in thickness consisting of a polyimide 
resin, a polyamide resin or a polyester resin on the 
outer surfaces of the layers 37. Layers 39 of metal 
foil are provided on the outer surface of the layers 38 
by utilizing the same as layers of bonding agent. 
Conductor circuits are formed on these layers 39 in the 
same manner as described above. 

in a printed circuit board 41 in the embodiment shown 
in Figure 9, layers 44 of 50 micrometers in thickness 
of expanded, porous PTFE are provided on both surfaces 
of a dimensionally stable film 42 of 10 micrometers in 
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thickness by means of layers 43 of a bonding agent, and 
plating catalyst metallic layers 45 on the outer 
surfaces of the layers 44. 

in a printed circuit board 47 in the embodiment shown 
in Figure 10, layer 49 of 5 micrometers in thickness of 
polyimide, polyamide or polyester resin is provided 
between two layers 48 of 10 micrometers in thickness of 
expanded, porous PTFE, and plating catalyst metallic 
layers 50 on the outer surfaces of the layers 48 of the 
mentioned resin. On the plating catalyst layers 45 and 
50, conductor circuits are formed in the same manner as 
described before. 



in the embodiments shown in Figures 7, 8, 9 and 10, the 
printed circuit boards are provided with dimensionally 
stable films 32,42 or resin layer 49, so that the 
printed circuit boards are both firm enough and 
flexible enough. Therefore, these printed circuit 
boards can be manufactured and installed in a machine 
conveniently. When a printed circuit board 53, which 
is provided with film transferring carrier holes 52 as 
shown in Figure 11, is employed,the manufacturing cost 
and the circuit element mounting cost can be reduced, 
and the reationalization of the manufacture and use of 



i 



13 



01 60439 



the printed circuit boards can be done conveniently. 

Shown in Figure 11 is a modified example of the 
embodiment of Figure 9, and the parts of the example, 
which are identical with those of the embodiment of 
Figure 9, are designated by the same reference 
numerals. In these embodiments, the printed circuit 
boards have a specific permittivity of not more than 
3,0, dielectric loss of not more than 0.001 and a 
thermal expansion coefficient of around 3 x 10-V^C. 
Accordingly, the printed circuit boards can withstand 
the transmission of signals in a high-frequency 
region, and have suitable flexibility. 

In the construction described above, in which a layer 
of stretched porous PTFE is provided along a conductor 
circuit to form a printed circuit board, the signal 
transmission delay time is very short, and the 
dielectric loss is small. Hence, a printed circuit 
board having a low signal attenuating rate can be 
obtained. Since a porous material is used, a printed 
circuit board having. a low thermal expansion 
coefficient, an excellent cooling effect, high physical 
and chemical stability, and capability of connecting a 
dielectric line directly thereto can be obtained. 
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in the construction mentioned above, a dimensionally 
stable film of a polyimide resin, a polyamide resin or 
a polyester resin is provided bonded to and in laminar 
contact with a layer of expanded, porous PTFE. 
Therefore, the flexibility of the printed circuit board 
can be increased without greatly affecting the electric 
properties thereof. This enables the printed circuit 
board to be handled conveniently. Especially, when 
film carrier holes are provided in the printed circuit 
board, a film transferring operation can be employed 
using the film carrier system. 

The present invention is not limited to the embodiments 
of Figures 1-11. It can, of course, be modified and 
practiced within the concept of the present invention, 
a combination of these embodiments may be practiced, or 
the thickness and physical properties of the materials 
for the body of the printed circuit board and the 
materials for a protective film for the surface of a 
conductor circuit may be arbitrarily selected 
accordingly. 
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1. A printed circuit board comprising a layer of 
expanded, porous polytetrafluoroethylene (PTPE) firmly 
bonded to and in laminar contact with at least one 
layer of electrically conducting metal. 

2. A printed circuit board according to claim 1 
characterised in that said metal layer has been 
catalytically plated on to a surface of said expanded, 
porous- PTPE layer. 

3. A printed circuit board according to claim 1 
characterised in that said metal layer is a metal foil 
bonded to said expanded, porous PTFE layer with a 
bonding agent. 

4. A printed circuit board according to claim 3, 
characterised in that said bonding agent consists of 
tetrafluoroethylene-perfluoroalkyl vinyl ether 
copolymer (PFA) or tetrafluoroethylene- 
hexafluoropropylene copolymer (PEP). 

5. A printed circuit board according to any 
preceding claim characterised in that said layer of 
expanded, porous PTPE is a cloth woven from fibers of 
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expanded, porous PTFE. 

6. A printed circuit board according to any 
preceding claim characterised in that said layer of 
expanded porous PTFE contains a filler. 

7. A printed circuit board according to claim 6 
characterised in that said filler is titanium dioxide 
powder. 

8. A printed circuit board according to claim 6 
characterised in that said filler is aluminum oxide 
powder. 

9. A. printed circuit board according to any 
preceding claim characterised in that said layer of 
expanded, porous PTFE has a plurality of through holes. 

10. A printed circuit board according to any 
preceding claim characterised in that said layer of 
expanded, porous PTFE is a composite of a plurality of 
layers of expanded, porous PTFE having different 
specific gravities, 

11. A printed circuit board according to any 
preceding claim characterised in that "said expanded. 
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porous PTFB has a layer of solid, non-porous plastic 
material bonded to one Bide thereof, 

12, A printed circuit board according to claim 11 
characterised in that said solid layer consists of 
solid, non-porous PTFE, polyimide resin, polyamide 
resin or polyester resin. 



8510:B:2JaR7 



1/2 



0160439 




2/2 

01 60439 





32 

-30 
'31 



33 SdL ^2 



35 



17 J J r ' 



ss&i. ^"Ss^ ^'^ "'^fc: ■'saw 



I f € € t 



'37 



uj^^m^ ^f^iAt, ^jO>. r^zb^ -^v^-, 



JFicrJO. 



— — ^ ^ 



::«asK.'?8^ '^i^ 




33' 



